Polyphosphates from Mycobacterium bovis--potent inhibitors of class III adenylate cyclases.
cAMP generation in bacteria is often stimulated by sudden, but lasting, changes in extracellular conditions, whereas intracellular cAMP concentrations quickly settle at new levels. As bacteria lack G-proteins, it is unknown how bacterial adenylate cyclase (AC) activities are modulated. Mycobacterium tuberculosis has 15 class III AC genes; therefore, we examined whether mycobacteria contain a factor that may regulate AC activities. We identified mycobacterial polyphosphates with a mean chain length of 72 residues as highly potent inhibitors of dimeric class IIIa, class IIIb and class IIIc ACs from M. tuberculosis and other bacteria. The identity of the inhibitor was established by phosphatase degradation, 31P-NMR, acid or base hydrolysis, PAGE and comparisons with commercial standards, and functional substitution by several polyphosphates. The data indicate that each AC dimer occupies 8-15 phosphate residues on a polyphosphate strand. Other polyionic polymers such as polyglutamate, polylysine and hyaluronic acid do not affect cyclase activity. Notably, the structurally unrelated class I AC Cya from Escherichia coli is unaffected. Bacterial polyphosphate metabolism is generally viewed in the context of stress-related regulatory networks. Thus, regulation of bacterial class III ACs by polyphosphates could be a component of the bacterial stress response.